Introduction
The genus Cryptococcus Vuillemin was characterized by the ability to utilize D-glucuronate, the presence of xylose in cell hydrolysates, the positive urease and diazonium blue B reactions, the presence of coenzymes Q-8, Q-9 and Q-10 and the absence of fermentative ability (Fonseca et al., 2011) . Molecular phylogenetic studies have shown that Cryptococcus is highly polyphyletic (Fell et al., 2000; Scorzetti et al., 2002; Takashima and Nakase, 1999) . The species of Cryptococcus are dispersed in fi ve major lineages within the Tremellomycetes (Fonseca et al., 2011) . The reclassification of the genus requires extensive molecular phylogenetic studies on this genus and related genera of the Tremellales based on multiple genes. The addition of new species to the phylogenetic tree will be helpful to the recognition of monophyletic groups, and, subsequently, to the reclassifi cation of Cryptococcus and related genera.
In a survey of ballistoconidium-forming yeast diversity presenting in the phyllosphere of plants in Shengnongjia (31 21 ~31 36 N, 110 03 ~110 33 E; annual precipitation 800 2,500 mm; annual average temperature 8 10 C) Hubei and Taibai Mountains (33 49 34 05 N, 107 22 107 51 E; annual precipitation 650 800 mm; annual average temperature 8 12 C), Shaanxi Provinces, China, yeast strains were selectively isolated by the ballistoconidia fall method (Nakase and Takashima, 1993) in October, 2002. After subsequent purifi cation on artifi cial media, a considerable number of the strains isolated did not produce ballistoconidia. They were either innate non ballistoconidium-forming yeasts or strains that had lost the Vol. 57 WANG, BOEKHOUT, and BAI ability to produce ballistoconidia on artifi cial media. On the basis of morphological, physiological and chemotaxonomical characterization, these strains were assigned to the genera Cryptococcus and Rhodotorula according to the current taxonomy of basidiomycetous yeasts (Fonseca et al., 2011; Sampaio, 2011) . Three strains of these yeasts were identifi ed as representing two novel species in the Cryptococcus victoriae clade by rDNA sequence analysis, which are described in the present study as Cryptococcus foliicola sp. nov. and Cryptococcus taibaiensis sp. nov.
Materials and Methods

Yeast strains and conventional characterization.
The three strains studied were isolated by using the improved ballistoconidia-fall method (Nakase and Takashima, 1993) . Strain HS 23.3 T was isolated from an unidentifi ed plant leaf collected in Shengnongjia, Hubei Province in October, 2002. Strains SB 6.11 and ST 7.9 T were isolated from leaves of Rumex nepalensis Spreng. and Kerria japonica (L.) DC., respectively, collected in Taibai Mountains, Shaanxi Province in October, 2002 . Morphological, physiological and biochemical characteristics were examined according to standard methods (Kurtzman et al., 2011) . Assimilation of nitrogen compounds was investigated on solid media with starved inocula (Nakase and Suzuki, 1986) . Extraction, purifi cation and identifi cation of ubiquinones were carried out according to Yamada and Kondo (1973) .
Sequence analysis. Nuclear DNA was extracted by the method of Makimura et al. (1994) . Analysis of the ITS rDNA (including 5.8S rDNA) and the D1/D2 domains of the 26S rRNA gene sequencing and molecular phylogenetic analysis were performed by using the methods described previously (Bai et al., 2002) . The GenBank accession numbers of the sequences determined in this study are indicated in the phylogenetic trees ( Fig. 1) , as are those of the reference sequences.
Results and Discussion
Morphology and physiology
The three yeast strains studied formed cream-colored colonies. Ballistoconidium-forming ability was not observed by the inverted-plate method (do CarmoSousa and Phaff, 1962) . The positive DBB and urease reactions indicated that these strains were of basidiomycetous affi nity. No sexual structures or stalked conidia were observed in the cultures of these strains. These strains could utilize D-glucuronate and inositol as sole carbon sources, and produced starch-like substances. Therefore, they were assigned to the genus Cryptococcus Vuillemin (Fonseca et al., 2011) .
Sequence analysis
Sequence analysis of the D1/D2 domains of the 26S rRNA gene showed that the three strains studied belonged to two taxa represented by strains HS 23.3 T and ST 7.9 T , respectively. Strain SB 6.11 was identical with strain HS 23.3 T in both the D1/D2 and ITS region sequences.
(A) Fig. 1 . Phylogenetic trees based on neighbor-joining analysis of (A) the 26S rDNA D1/D2 domain and (B) the ITS region (including 5.8S rDNA) sequences, depicting the relationships of the two novel Cryptococcus species with closely related taxa.
Bootstrap percentages over 50% from 1,000 bootstrap replicates are shown. The sequence accession numbers of reference taxa and the new species are indicated.
(B) Two novel Cryptococcus species from plant leaves
In both ITS and D1/D2 trees, strains HS 23.3 T , SB 6.11 and ST 7.9 T were located in a strongly supported clade including Cryptococcus victoriae originally isolated from Antarctica by Montes et al. (1999) ; C. carnescens and C. peneaus reinstalled from the C. laurentii complex (Takashima et al., 2003) ; C. heimaeyensis and C. tephrensis described by Vishniac (2002) ; several undescribed taxa reported by Sugita et al. (2000) , Herzberg et al. (2002) and Scorzetti et al. (2002) ; and a few unpublished sequences (Fig. 1) . Strains HS 23.3 T , SB 6.11 and ST 7.9 T differed from the fi ve described species of this clade by 11 25 (2 4.4%) nucleotides in the D1/D2 domain and more than 10% of the nucleotides in the ITS region.
Strain HS 23.3 T has an identical D1/D2 sequence with strain AY-78 isolated from plant leaves in Russia, indicating their conspecifi city. Strain HS 23.3 T differed from closely related undescribed strains CBS 2993 and CBS 6578 by 3 and 8 nucleotides in D1/D2 sequences, respectively. In the ITS region, the former differed from the latter two strains by 8 9 nucleotides. These data indicate that strain HS 23.3 T represents a distinct species from the two CBS strains. Strain ST 7.9 T is most closely related with strains KCTC 17069 and KCTC 17070 which were isolated from Rhizosphere soil of Panax ginseng in Korea (Hong et al., 2002) . The former differed from the latter two strains by 2 3 nucleotides in the D1/D2 domain, suggesting that they may be conspecifi c.
The sequence comparisons described above demonstrate that the three strains studied represent two undescribed Cryptococcus species, for which the names Cryptococcus foliicola sp. nov. and Cryptococcus taibaiensis sp. nov. are proposed.
With the increasing of species number in recent years, the cluster represented by C. victoriae has been recognized as a distinct and strongly supported clade containing six species (Fonseca et al., 2011 ). The present study shows that more species remain to be described in this clade (Fig. 1) . The addition of the two new species C. foliicola sp. nov. and C. taibaiensis sp. nov. to this clade provides further support to the distinct and monophyletic nature of the clade, thus reinforcing the separation of this clade as a different genus from Cryptococcus which is represented by the Filobasidiella clade containing the type species of the genus. 
Descriptions of the New
Description of Cryptococcus foliicola Q. M. Wang & F. Y. Bai
Growth in YM broth: After 5 days at 20 C, cells are ovoidal and ellipsoidal to elongate, 2.2 4.5 3.0 8.5 μm and single or in pairs. Budding is monopolar. Sediment is formed. After 1 month at 20 C, Sediment and a ring are present.
Growth on YM agar: After 1 month at 20 C, the streak culture is cream, butyrous, and shining. The margin is entire.
Dalmau plate culture on cornmeal agar: Pseudohyphae are not formed. T . Strain SB 6.11 has also been deposited in the China General Microbiological Culture Collection Center (CGMCC) as AS 2.2482. Strain AY-78, isolated from Fragaria vesca green leaves in Russia, also represent this species because it has identical sequence with strain HS 23.3 T and SB 6.11 in its D1/D2 domain.
Etymology: The specifi c epithet foliicola refers to the source of the type strain of the species.
Latin diagnosis of Cryptococcus taibaiensis Q. M. Wang & F. Y. Bai
In YM (Difco) liquido post dies 5 d 20 C, cellulae vegetativae ellipsoideae, ovoideae, 2.2 4.0 3.0 5.7 μm, singulae aut binae. Sedimentum formantur. Post unum mensem ad 20 C, annulus et sedimentum formantur. In agaro YM post unum mensem ad 20 C, cultura cremea, nitida, butyracea, margine glabra. Pseudomycelium non formantur. Fermentatio nulla. Glucosum, galactosum, saccharosum, maltosum (lente), cellobiosum (exigue), trehalosum, lactosum (exigue), melibiosum, raffi nosum, melezitosum (exigue), inulin, D-xylosum, Larabinosum, D-arabinosum (exigue), D-ribosum, Lrhamnosum, D-glucosaminum (exigue), erythritolum, galactitolum, D-mannitolum, D-glucitolum (lente), methyl α-D-glucosidum (exigue), salicinum (exigue), succinatum (lente), D-glucuronatum et inositolum (lente) assimilantur at non L-sorbosum, amylum solubile, methanolum, ethanolum, glycerolum, ribitolum, DL-lactatum, citratum nec hexadecanum. Ammonium sulfatum, natrum nitrosum, L-lysinum, ethylaminum et cadaverinum assimilantur at non kalium nitricum. Maxima temperatura crescentiae: 26 27 C. Materia amyloidea iodophila formantur. Vitaminae externae ad crescentiam necessaria sunt. Urea fi nditur. Diazonium caeruleum B positivum. Etymology: The specifi c epithet taibaiensis refers to the geographic origin of the type strain of the species.
Physiologically, the new species C. foliicola and C. taibaiensis differ from each other in the assimilation reaction of ribitol and growth ability in vitamin-free medium (Table 1 ). The colony appearance of the two species is indistinguishable, but the vegetative cells of C. foliicola are slightly bigger than those of C. taibaiensis (Figs. 2 and 3) . Among the described species in the C. victoriae clade, the phenotypic characters of these species are similar (Table 1) ; ITS or D1/D2 sequences are required for clear differentiation among these species. (1999) . c Data from Takashima et al. (2003) . d Data from Vishniac (2002) .
